Fluorescence and NMR investigations on the ligand binding properties of adenylate kinases.
A new system for measurement of affinities of adenylate kinases (AK) for substrates and inhibitors is presented. This system is based on the use of the fluorescent ligand alpha,omega-di[(3' or 2')-O-(N-methylanthraniloyl)adenosine-5'] pentaphosphate (mAP5Am), which is an analogue of the bisubstrate inhibitor diadenosine pentaphosphate (AP5A). It allows the determination of dissociation constants for any ligand in the range of 1 x 10(-9) to 5 x 10(-2) M. Affinities for different bisubstrate inhibitors (AP4A, AP5A, AP6A) and substrates (AMP, ADP, ATP, GTP) were determined in the presence and absence of magnesium. An analysis of the binding of bisubstrate inhibitors is proposed and applied to these data. The techniques are used to describe the properties of a mutant enzyme with Gln-28----His (Q28H) prepared by site-directed mutagenesis in comparison to those of wild-type AK from Escherichia coli. This newly introduced histidine is already present in most other adenylate kinases and was regarded to be important or even essential for the catalytic reaction of AK. Temperature denaturation experiments indicate that the mutant enzyme has the same thermal stability as the wild-type enzyme and, as NMR studies indicate, also a very similar structure. However, steady-state catalytic studies and binding experiments showed that the affinities for substrates and inhibitors are elevated from 3-fold (AMP) to 5-fold (ATP) to 15-fold (AP5A) compared to those of the wild-type enzyme. Together with the results obtained by Tian et al. [Tian, G., Sanders, C. R., Kishi, F., Nakazawa, A., & Tsai, M.-D. (1988) Biochemistry 27, 5544-5552] on the effect of replacement of the conserved His-36 in the cytosolic AK (AK1) from chicken by glutamine and asparagine, this shows that residues 28 of AK from E. coli (AKec) and 36 of AK1 are situated in a comparable environment and are not essential for catalytic activity.